Abstract
1: Existing Systems
Web-based learning systems are primarily used by academic institutions and corporations [1] . WebCT [12] is a commercial course management system for higher education. WebCT provides utilities, components and tools to develop and maintain a virtual university. Some examples are: course builder, course appearance, student manager, file manager, course homepage, assignments, quiz and surveys. Blackboard [2] began as collaboration among a team of students and faculty at Cornell University in 1996. Blackboard is a similar web-based product also used worldwide.
2: Learning Styles
The idea that people learn differently is venerable and probably had its origin with the ancient Greeks.
Educators have, for many years, noticed that some students prefer certain methods of learning to others. These dispositions, referred to as learning styles, form a student's unique learning preference and aid teachers in the planning of small-group and individualized instruction [10] . According to Felder & Silverman [6] , learning styles are "characteristic strengths and preferences in the ways we take in and process information". There are a lot of discussions about what learning styles are and at which level of cognitive abstraction to describe these. Curry's Onion Model [4] , describes these different levels. The outer layer of Curry's model examines instructional preference. The middle layer of Curry's model concerns an individual's intellectual approach to assimilate information and encompasses many of the currently popular learning style theories. The inner layer of Curry's model examines cognitive personality style, addressing an individual's approach to adapting and assimilating information. This layer is considered to be an underlying and relatively permanent personality dimension. The Felder and Silverman Learning Style Model [6] overlaps the middle, information processing layer, and inner, cognitive personality layer and uses 4 dimensions (see Table 1 ) to define a persons learning style (Active/Reflective, Sensing/Intuitive, Visual/Verbal, and Sequential/Global)
3: Accommodating Learning Styles
Except for Intelligent Tutoring Systems [3] , [17] , there has been little research on software systems that accommodate the needs and learning preferences of individuals separately. The few studies carried out have shown mixed results [5] , [8] , [9] , hence further studies need to be carried out. No guidelines or previous systems could be identified for applying learning style theory developing computer-based tutorials. Thus we decided to explore possibilities offered by the different learning style models, starting with Felder and Silverman's learning style model [6] . The next step was to outline an approach that accommodated the different learning styles within this model in an online learning environment. The online learning environment, the ITT, has two major components, the ITT framework, and the learning material based on the domain knowledge. The users of the online system register and create their own profile, containing their learning styles, to which the system would adapt. Their specific learning style is made up by taking an online questionnaire developed by [6] . The learning material is developed according to the different learning styles described by the [6] and integrated in the tutorial. Visual learners get more learning material with diagrams and illustrations than the verbal learner, who gets more text-based material. The active learner will be given more opportunities for interaction than the reflective learner who will get more question-based and material containing critical analyses. The sensory learners receive facts, glossaries and previous work by other students, while the intuitive ones are presented with abstract material and hyperlinks leading to other sources. 
4: The Interactive Teaching Tutorial
The framework for the prototype, the Interactive Teaching Tutorial (ITT) uses Microsoft's ASP for Web scripting when, presenting learning material based on the user's learning style. By progressing through the folder structure for the learning material on a web server, it presents the files and folders as hyperlinks for the student. For implementing the ITT learning material, several media were utilized: diagrams, video lectures, PowerPoint slides, Java applets, text, sample code, audio and animations. The ITT Framework is illustrated in Figure 1 .
4.1: Interfaces
Two different interfaces are implemented, a student interface and an interface for the instructor. Both interfaces require a username and a password for login. The first time students are using the system they register and complete the Felder & Silverman's learning style questionnaire. A profile is created and stored in the user's profile in the profile database. The user navigates through the Web pages to learn the class material maintained and updated by the instructor. The menu pages are dynamically generated based on the classes and modules available. The interface for the instructor can display quiz results from the users. The instructor logs on as an administrator and has access to quiz results retrieved from the quiz database. The purpose of this interface is to examine how the different types of learners perform after using the tutorial. Each quiz shows individual total score, score for each question, quiz averages, and performance from each different learning style group. 
4.2: Learning Style Templates & Profiles
The learning style template describes, for example, the sequence in which the material will be presented in the tutorial for a given learning style. The profiles contain information about individual users such as username, password, first name, last name, email address, user ID number, and the result from the Learning Style Questionnaire.
4.3: Learning Modules
The learning module contains all the learning material for the tutorial and the menu module presents all available classes. The class modules contain all the learning material for a specific class. Each concept module contains learning material, a toolkit, a tutorial, preferences and a discussion group.
5: Results
The primary goal for this paper was to investigate how learning style theories from education and pedagogy could be applied developing a web based learning system.
A class with 25 students was surveyed and feedback was gathered to see if this prototype was useful and interesting to use as a complementary tool for class. The majority of the students agreed that if the tutorial was available for the Artificial Intelligence class, they would have used it to become more familiar with the class concepts and to test themselves. They found the ITT useful, and seemed to enjoy using it. They also found the tutorial, even in its partially implemented form, useful as a reference tool and would like to have access to this kind of learning environments to accompany the standard classroom lectures. Students whose first language was not English found the video clips of the instructor explaining the search algorithm, accompanied by semi-animated PowerPoint slides, especially useful because the could view them repeatedly, and at their own speed. Most criticism was targeted at the obvious implementation deficiencies of a first prototype, and the relatively unsophisticated design of the Web pages. Some students also reported that the categorization of their learning style did not fully match their own observations about their learning preferences.
6: Conclusion
This paper has presented a prototype, the ITT, utilizing the Felder & Silverman [6] learning style to investigate the theory of improved effectiveness for student learning. In summary, a process and a framework were developed to achieve experience integrating learning styles in an educational software system.
The learning style models studied were originally developed to improve class instruction. Hence, implementing these in a computer-based teaching tutorial seemed to be a difficult endeavor. One of the main challenges was not to come up with suggestions for mapping learning styles to different learning material and presentation forms, but to make sure these forms were of high quality and actually useful for the students.
In hindsight, more time should be spent trying to discover what each different type of learner really prefers. To approach this, repeated usability tests as part of the implementation process and a larger performance study would be needed. Hence, this would evolve into a new learning style model, which would be more suitable for a computerized learning environment.
